SUMMARY Jejunal aqueous solubilisation of vitamin D3 was assessed in eight normal subjects, after ingestion of a standard liquid test meal. Percentages and total concentrations of vitamin D3 in the aqueous phase were significantly higher in the first post-prandial 30 minutes than during the following two hours, as were bile salts, total lipids, and free fatty acids. As shown by partial correlation analysis, a statistically significant relationship was found between aqueous concentrations of free fatty acids and of vitamin D3 in the jejunal content during all the 2j hours of the study. From these data it is concluded that, in healthy man, vitamin D3 is solubilised in vivo in mixed micelles only, and is governed in the aqueous phase.
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Intestinal absorption of vitamin D3 horn and Ahrens5 and measured gravimetrically. Free fatty acids were estimated by Dole's technique; Bile salts were separated by thin layer chromatography after successive passages in three solvent systems.78 9 The four main fractions isolated: taurocholic acid (TC), taurochenodeoxycholic acid (TCD)+taurodeoxycholic acid (TDC), glycocholic acid (GC); glycochenodeoxycholic acid (GCD)+ glycodeoxycholic acid (GDC) were eluted with methanol and estimated fluorimetrically1l with 3ax-hydroxysteroid-dehydrogenasell by comparison with a standard sample obtained in the same technical conditions. In two subjects, monoglycerides were separated by thin-layer chromatography" and glycerol was measured fluorimetrically.12 Tritiated vitamin D3 radioactivity was measured by liquid scintillation counting in Bray's fluid using a Tricarb-Packard spectrometer.
Oil phase and sediment volumes were neglected for the calculation of bile salt, lipid, free fatty acid, and vitamin D3 concentration in the aqueous phase. All results were expressed as mean ± SEM. Interrelationships between the different variables were assessed by partial correlation analysis. Analysis of variance, which takes into account the block effect, was carried out to study differences between the periods, and the Newman-Keuls test was used for comparisons of the means.
Results
The concentrations of bile salts, total lipids, free fatty acids, and 3H-D3 in the total and aqueous phases are shown in the Analysis of variance with the block method followed by the Newman-Keuls test showed that bile salt concentration in the total phase was significantly higher in the first 30 minute period than in the following ones, which did not differ significantly from each other (Table) . The concentrations of total lipids and 3H-D3 and of free fatty acids in the total phase showed small variations during the whole study, although statistical analysis showed significant differences between two periods for free fatty acids (Table) .
In the aqueous phase, significant differences were seen in the five periods, between bile salt concentrations and between free fatty acid and vitamin Ds concentrations. The concentrations of these three compounds were significantly higher in the first period than during the other ones, which did not of bile salts and 3H-Dq present in the aqueous phase did not differ significantly between the periods, whereas the percentages of total lipids and free fatty acids followed the same pattern as in their respective * r 2808 aqueous concentrations, and were significantly higher in the first period than during the following ones (Fig. 1) (Fig. 2) . There was also a significant correlation between aqueous free fatty acid (Fig. 3 ) monoglyceride (r=066, P <005) or total lipid concentrations and aqueous 3H-D3 concentrations. 0~Calculation of partial correlation coefficients (Fig. 4) 13 8
showed that, for a constant concentration of * aqueous free fatty acids or lipids, aqueous concentration of bile salts and 3H-D3 were not correlated, o13.33 whereas, for a constant concentration of aqueous bile 1469 salts, there was a statistically significant correlation 0 * between aqueous concentration of 3H-D3 and * aqueous free fatty acids or total lipid concentrations. There was a significant partial correlation between aqueous free fatty acids and vitamin D3, but not between aqueous bile salt and vitamin D3. A partial correlation between monoglycerides and vitamin D3 could not be determined, as monoglycerides were assayed in only two subjects. There was, however, a significant correlation between aqueous monoglycerides and vitamin D3. Moreover, as aqueous free fatty acid concentrations were more than three times those of monoglycerides, their role in the aqueous solubilisation of vitamin D3 is probably more important. These findings offer an explanation of why, in normal subjects, appreciable quantities of vitamin D3 are absorbed when fed with triglycerides, hydrolysis of which produces free fatty acids and monoglycerides, whereas, when vitamin D3 only is fed, it is scarcely absorbed.'6 Similar conclusions have been drawn for cholesterol, another insoluble non-swelling polar lipid.3 17
We have found that the mean percentage of total bile salts present in the aqueous phase, is close to that published by Simmons et al.,'8 but is lower than that reported by other authors.s8a-21 In order to minimise the errors produced by the ultracentrifugation,2223 it was performed at a high speed, over a prolonged period of time, and with polycarbonate tubes, and the aqueous phase was recovered in toto to avoid concentration gradients. The other factor which determines the concentration of bile salts in the aqueous phase is the amount of bile salts present in the total phase.
The fact that aqueous solubilisation of vitamin D3, an absolute prerequisite for its absorption, is dependent upon mixed micelle formation has pathophysiological implications. In pancreatic insufficiency, the usual malabsorption of vitamin D3 demonstrated by tritiated vitamin D3 oral test24 25; may be explained by the impaired hydrolysis of triglycerides into monoglycerides and free fatty acids. In adult coeliac disease, osteomalacia and malabsorption of vitamin D3 may be observed in spite of minimal steatorrhoea.25 This could be explained by the low ability of the ileum-which is usually normal in these cases of coeliac disease-to absorb vitamin D3, whereas the fatty acid absorption rate, although lower than in the jejunum, is still noticeable. However, another possibility is that the secretory state prevailing in the proximal small intestine26 and the delayed contraction of the gallbladder27 lower the intraluminal bile salt concentration. This, in turn, would produce a decrease in aqueous lipids leading to vitamin D3 malabsorption.
